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Genome Improvement with PacBio sequencing technology
Cliff S. Han1, Lucy (Xiaojing) Zhang1, Krista Reitenga1, Primo Baybayan2, Susana Wang2, 

Karen W. Davenport1, Hajnalka E. Daligault1, Olga Chertkov1, Chris Munk1, and Chris Detter1
1 The DOE Joint Genome Institute, Los Alamos National Laboratory, Los Alamos, NM 87545; 2 Pacific Bioscience, 1380 willow Rd. Menlo park, CA 94025.

Abstract: As massively parallelized sequencing technologies enable 
draft genome sequencing at minimal cost, the cost for closing gaps in 
the  draft  genome  with  current  Sanger  methods  becomes 
disproportionally  high.  The DOE Joint  Genome Institute  sequences 
hundreds of bacterial genomes each year. There could be dozens to 
hundreds of contigs in draft assemblies produced with only Illumina 
data, which at JGI include short (~300 bases) and medium (~8 Kb) 
insert libraries. A significant of them need to be finished/improved to a 
better  level  of  continuity.  Data  from  PacBio  has  been  proven  to 
improve continuity of assembly as it has better coverage in high or 
low GC regions comparing to Illumina technology. Unfortunately, the 
throughput  of  the  RS   currently  does  not  compare  to  that  of  our 
Illumina pipeline yet. An alternate approach is to sequence the gaps 
and repetitive regions of genomes drafted with Illumina technology. 
Amplicon sequencing with PacBio RS machine has the potential to 
replace our current Sanger based genome finishing process. We used 
two finished genomes with high and medium GC content as test cases. 
Illumina data was reproduced with current technology with libraries of 
short and medium insert sizes. The two assemblies of the Illumina-
only  data  produced  98  and  105  contigs  in  a  limited  number  of 
scaffolds. PCR products from those gaps were pooled and sequenced 
with a PacBio machine. Subreads were aligned to known sequences 
next to PCR primer regions.  Subreads that belong to a single PCR 
amplicon were assembled separately. The assembled sequences were 
aligned  with  the  primer  sequences  again.  Sequences  between  the 
primer pair are used to close gaps in the main project. Hard stops with 
30  bp  hairpin  structure  can  be  sequenced  with  PacBio  without 
problem.

 CONCLUSION 
We have  finished  more  than  300  microbial  genomes  using  new technology 
sequencing  data  since  2010.  Genomes  of  Yersinia  Pestis  are  relatively 
complicated ones with many repetitive sequences. We were able to finish these 
genomes in less than a year. The success of finishing process depends on several 
factors: success of library construction and combination, software supports and 
wet lab process etc. We use different depth of coverage for 454 Standard, Paired 
End  and Solexa libraries which were optimized according to repeat numbers 
and difficulty of projects. GapResolution, dupFinisher and dupMan are used for 
resolving repeat regions and close gaps. Polisher is used in both the beginning 
and the end of the finishing process to increase the quality of data. Parameter 
can be optimized due to different projects. We currently try to integrate the third 
generation sequencing technology, PacBio, into our finishing pipeline. 
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PacBio Sequencing of PCR  for Gap Closure 
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Trial 2: Equivalent Molarity 
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Trial 1: Equivalent Mass   
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Trial 3: Varying Molarity Based on PCR size 
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